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(54) VEfflCLE AXLE SPINDLE 



(71) We, Willow Hill Industries, 
Inc., a corporation organized under the 
laws of the State of Ohio, United States of 
America, of 37611 Euclid Avenue, Wil- 
5 lou^by. Ohio 44094, United States of 
-Ameiica. do hereby declare the invention, 
,for which wc Dray tliat a patent may be 
granted to us, and the method by which 
it is to be performed, to be particularly 
10 described in'and by the following state- 
ment: — 

The present invention relates to a method 
of forming an axle spmdie for use in sup- 
porting a vehicle whed. 
IS Many vehicles, such as cars and trailers, 
have axle spindles for supporting their 
wheels. These axle spindles are commonly 
formed of a solid piece of forged metal 
which is machined to accurately form bear- 
20 ing support surfaces. The cost of machininj 
an axle spindle is increased when a passage 
must be bored throuah the solid spindle to 
receive either a speedometer cable and /or 
speed sensor cable of an anti-skid system. 
25 Of course, the relatively heavy wei?ht of 
a solid axle spindle contributes to the un- 
sprung weight of a vehicle. 

It is an obfect of this invention to pro- 
vide a method of formin? an axle spindle 
30 which is hollow to minimize the weisht of 
the spindle and to provide an axially ex- 
tendlhig passage to faoplilialte the instailation 
in a veUde of equipment requiring the ex- 
tension throush the spindle of a cable or 
35 other conductor. 

According to the present invention there 
is provided a method of forming a hollow 
axle spindle for use in supportin? a vehicle 
wheel which, in use, is rotatably mounted 
40 on the spindle by a plurality of bearing 
lassembKes 'lc(ca!ted rn ^axially spaced apart 
relationship between an outer end portion 
of the spindle and an inner end poiition of 
the spindle connected with the vehicle, said 
45jnethod comprising the steps of: providing 



a metal blank of approximately the same 
length as the axle spindle and having an 
axially extending tubular wall having open 
ends and a substantially uniform external 
diameter with an annular cross-sectional 50 
configuration in a radially extending plane; 
providing a support stake having substan- 
tially the same external configuration as the 
internal configuration of the hollow axli 
spindle and having a first portion, a second 55 
portion and an intermediate portion be- 
tween the first and second portions, th^ 
intermediate portion being of smaller cross- 
sectional area than said first portion, and 
the second portion being of smaller cross- 60 
sectional area than said intermediate por- 
tion; positioning the blank on the stake 
with one end portion of the blank adjacent 
to the first portion of the stake; providing 
a plurality of dies; cold forging at least a 65 
portion of the metal blank adjacent to the 
firsit and imtermedi-ate portions of the stake 
at a temperature below the recrystallization 
temperature of the metal of the blark 
by effecting relative axial movement be- 70 
tween at least one of the dies and the blank 
and stake to form adjacent to the first por- 
tion of the stake a mounting end portion 
of the spindle for connection with a vehicli 
and to form adjacent to the intermediate 75 
portion of the stake a first cylindrical bear- 
ing support section having substantially 
cylindrical inner and outer surfaces v/hich 
extend substantially parallel to each other 
in a co-axial relationship with the lonaitu- 80 
dinal axis of the blank and are uniformly 
spaced from each other by a first distance; 
cold foraina at least a portion of the metal 
blank with at least a second one of the 
plurality of dies at a location which is axi- 85 
ally outwardly of the first bearine support 
section and at a temperature which is belov/ 
the recrystallization temperature of the 
metal of the blank to form adjacent to the 
second portion of the stake a second cylin- 90 
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drical bearing support section having a 
smaller external diameter than the first cyl- 
indrical bearing support section and having 
substantially cylindrical inner and outer 
S surfaces which extend substantially parallel 
to each other in a coaxial relationship with 
the first bearing support section and are 
uniformly spaced from each other by a 
second distance which is greater than the 
10 first distance between the Inner and outer 
surfaces of the first cylindrical bearing sup- 
port section thereby to form a second cyl- 
indrical bearing support section with a 
greater metal thickness in a radial direction 
" than the first bearing support section, and 
removins the cold forged blank from the 
stake after perfonninc the foreeoins steps. 

In order that the invention may be well 
understood, some embodiments thereof, 
20 given by way of example only, will now 
be described with reference to the accom- 
panying drawings, in which: 

Fisure 1 is a schematic illustration of a 
portion of the front suspension system of 
25 a vehicle; 

Figure 2 is an enlarged fragmentary view 
of a portion of the vehicle suspension sys- 
tem of Figure I and illustrating the rela- 
tionship between a wheel hub. wheel bear- 
30 ing assemblies, and a hollow axle spindle 
constructed in accordance with the present 
invention; 

Figure 3 is a sectional view, on a some- 
what reduced scale of a tubular blank from 
which the hollow axle spindle of Figure 2 
is formed by a cold working process; 

Fisure 4 is a schematic sectional view 
illustratin.s the tubular blank of Figure 3 
. after it has been cold worked to form a 
^" grease seal section on -the T>Iank; 

Fig. 5 is a schematic sectional view illus- 
trating the blank of Fig. 4 after it has been 
cold worked to form an inner bearing sup- 
port section; 
45 Fig. 6 is a schematic sectional view of 
the tubular blank of Fig. 5 after it has been 
cold worked to form an outer bearing sup- 
port section and outer end portion; 
Fig. 7 is a schematic view illustrating the 
50 blank of Fia. 6 after an inner end portion 
of the blank has been expanded to form 
a base section; 

Fig. 8 is a schematic sectional view of 
the blank of Fig. 7 after the base section 
has been cold worked to form a mounting 
section; 

Fie. 9 is a sectional view, taken senerally 
alone the line 9-9 of Fi?. 8. further illus- 
tratins the construction of the outer bearing 
*0 suonort section; 

Fi<r. 10 is a sectional view, taken alon? 
the line 10-10 of Fiu. 8. further ilUisfratini 
the construction of the inner bearing sun- 
port section; 
65 Fig. 11 is a sectional view, taken along 



the line 11-11 of Fig. 8, further illustrating 
the construction of the grease seal section; 
and 

Fig. 12_ is a fragmentary sectional view 
of a hollow axle spindle which is formed 70 
separately from an associated axle tube. 

The general arrangement of a front sus- 
pension system 20 (shown in Fig 1) is, per 
se, known and includes an axle 24 which 
is connected with a steering knuckle 26 by 75 
upper and lower control anus 28 and 30. 
A coil spring 34 is provided between the 
lower coniroi arm 30 and the axle 24. A 
wheel 36 is rotatably mounted on a hollow 
axle spindle 22 in a known manner by an 80 
inner or main wheel Ijearing assemUy 40 
tFig. 2) and an outrigger or outer wheel 
bearing assembly 42. 

The spindle 22 is shown in Fig. 2 in 
association with a speedometer cable 48 85 
which extends through a central cavity 52 
in the hollow spindle into operative en- 
gagement: wi th a grease cap 54 which rotates 
with the hub 44 of the wheel 36. The 
speedometer cable 48 drives a speedometer 90 
(not shown) of the vehicle in a known man- 
ner at a speed which 'is direcfly propor- 
tional to the speed of rotation of the grease 
cap 54 and wheel 36. Of course, the axially 
extending cavity 52 provides a convenient 95 
passage for conductors other than the ■* 
speedometer cable 48. For example, when 
the axle spindle 22 is associated with either 
a rear or front wheel of a vehicle, con- 
ductors for a speed sensor of an anti-skid 100 
system can be extended through the hollow 
spindle and operatively connected with the 
wheel to enable the associated anti-skid 
apparatus to detect an impending locking 
up or skidding of the wheel. . 105 

The hollow axle spindle 22 includes an 
inner bearing support section 58 upon 
which the main or inner bearing assembly 
40 is mounted and an outer bearing sup- 
port section 60 upon which the axially outer 110 
bearing assembly 42 is mounted. The inner 
and outer bearing support sections 58 and 
60 are coaxial and have cylindrical outer 
surfaces 64 and 66 which have an inter- 
ference fit with cylindrical inner surfaces 115 
on inner races 68 and 70 (Fig. 2) of the 1 
bearing assemblies 40 and 42. Under nor- 
mal operating conditions, the inner bearing 
support section 58 is subjected to greater 
operating stresses than is the base section 120 
72 of the spindle 22. Therefore, the inner 
bearing support section 58 advantageously 
has a greater wall thickness than does tiie 
base section 72. 

The inner bearing assembly 40 is oosi- 125 
tioned axially relative to the spindle 22 by 
eneasement of an inner end portion of the 
bearina assembly with a senerally radially 
projectins surface 74 of a bearine position- 
ing shoulder 76. The inner bearing" support 130 
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section 58 has a larger external diameter 
than does the outer bearing support section 
60 and is connected with the outer bearing 
support seciion by a radially inwardly and 
5 axially outwardly tapering connecting sec- 
tion 80. A bearing nut 84 engages a 
threaded outer end portion 86 of the 
spindle 22 and presses a washer 88 against 
the bearing assembly 42 to retain theljear- 

10 mg assembly 42 against axially outward 
movement relative to the spindle 22. Thus, 
the inner and outer bearing assemblies 40 
and 42 are positioned relative to the spindle 
22 by engagement of the inner bearing as- 

15 sembly 40 with the positioning shoulder 76 
and by engagement of the outer bearing 
assembly 42 with ihe wheel hub 44 and the 
washer 88 and nut 84. It should be under- 
stood that the positioning shoulder 76 may 

20 be omitted and the inner bearing assembly 
positioned axially relative to the spindle 22 
by engagement with the steering knuckle 

_ A known grease seal 92 extends between 

25 the hub 44 and a grease seal section 96 of 
the spindle 22. The grease seal 92 seals the 
annular openmg between the spindle 22 and 
the interior of the hub 44 to prevent grease 
from leaving a grease chamber 98 between 

30 the hub 44 and spindle 22 and to keep 
dust from entering the grease chamber. 
Since the inner bearing support section 58 
is normally subjected to greater operating 
stresses than the grease seal section 96, the 

35 inner bearing support section advantage- 
ously has a greater wall thickness than does 
the grease seal section. 

The base section 72 has an interference 
fit with a cylindrical cavity 102 in the steer- 

40 ing knuckle 26. An annular weld 104 cir- 
cumscribes the circular base 'section 72 to 
securely interconnect the soindle 22 and 
steering knuckle 26. Of course, the spindle 
22 could be fixedly coimected to the steer- 

45 ing knuckle 26 in a manner other than the 
specific manner illustrated in Fig. 2. 

Since the axle spindle 22 is hollow, the 
weight of lite spiiidle is substantially less 
than the weight of a similar solid axle 

50 spindle which has heretofore been com- 
monly utilized on automobiles and other 
vehicles. The relatively low weight of the 
hollow axle spkdle 22 tends to"^ minimize 
the unsprung weight of a vehicle with 

55 which the axle spindle is associated. In one 
specific embodiment of the invention a hol- 
low axle spindle, similar to the axle spindle 
22, weighed approximately one half as 
much as did a solid axle spindle of a simi- 

€0 lar size and configuratioa In addition, the 
provision of the cavity 52 in the hollow 
spmdle 22 enables a speedometer cable 48 
or other conductor to be oneratively con- 
nected with the wheel 36 without incurring 

■65 the expense of borina or drillina an axially 



extending passage through the spindle. It 
should be uoted that when the hollow 
spindle 22 is utilized in association with a 
vehicle wherein a soeedometer cable or 
similar conductor is 'not to be extended 70 
through the hollow spindle, the outer end 
of the cavity 52 could be blocked if de- 
sired. 

The hollow axle spindle 22 is economi- 
cally made by cold working or formina a 75 
tubular blank 110 (see Fis. 3) with a plura- 
lity of dies 114-122 in the manner "illus- 
trated schematically in Figs. 4 through 8. 
Prior to beginning cold forming operations, 
the hollow blank 110 is positioned on an 80 
upstanding stake or support member in a 
known metal working press. The upstanding 
stake (not shown) has an external' configu- 
ration which is substantially similar to the 
surface of 4he cavity 52 in the hollow 85 
spindle 22. The press is then operated in a 
known manner to sequentially move a plu- 
rality of dies relative to the blank UO. 
Representative dies 114-122 are shown 
schematically in Figs. 4-8. 

As each of the dies 114-118 engases the 
blank 110 in turn, the metal of the" blank 
is forced through an openins in the die to 
plastically deform the metal" at a tempera- 
ture below its recrystallization temperature. 95 
While the blank 110 is being cold" worked 
in this manner, the cylindrical outer stir- 
faces 64 and 66 of the bearing support sec- 
tions are precisely formed within" ttie rela- 
tively small tolerance range and surface fin- 100 
ish required to provide an interference fit 
with the iimer races 68 and 70 (Fig. 2) of 
the bcaruig assemblies 40 and 42." There- 
fore, the surfaces 64 and 66 do not have 
to be precisely formed by machining Qper- 105 
ations as has heretofore been a common 
commercial practice. In addition, the cold 
working of the metal of the blank 110 re- 
sults in a strain hardenmg and impariation 
of directional properties to the metal with a 1 10 
resulting increase in the structural strength 
of the spindle 22. 

The tubular blank 110 (Fig. 3) has an 
annular wall 128 of uniform Thickness and 
which is defined by cylindrical inner and 115 
outer surfaces 130 and 132 which are dis- 
posed in a coaxiial relationsihip with 
each other. The 'tubuiar wall 128 has 
a length which is somewhat shorter than 
the length of the spindle 22 since the cold 120 
working of the blank 110 results in some 
axial crovrth of the blank. The tubular wall 
128 has an external diameter of the base 
72 of the spindle 22 since the tubular wall 
128 is expanded somewhat (see Fig. 7) to 125 
form the base 72. However, it should be 
understood that the blank 110 could be 
cold worked in such a manner as to form 
the base 72 without exoandina the tubular 
wall 218, - - 
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The die 114 (Fig. 4) defines a central 
passage or opening 138 which has a circular 
cross-section configuration and an axiaily 
extending surface configuration correspond- 
5 ing to the shape of the cold worked blank 
110a shown .in Fig. 4. The cylindrical blank 
110 of Fig. 3 is cold worked to form the 
blank 110a by first moving the die 114 
into axial alignment with the blank 110 and 

10 then moving the die axiaily downwardly 
along the blank. This movement results in 
the tubular wall 128 of the blank 110 being 
plastically deformed radially inwardly at a 
temperature below the recrystallization tem- 

15 perature of the metal to form the blank 
UOa. It should be noted that the grease 
seal section 96 is partially formed by this 
movement of the die 114. 
The die 114 is then raised clear of the 

20 blank UOa and the blank is indexed to 
a position in which it is in axial alignment 
with the die 116. The die 116 is then axiaily 
lowered to cold work the blank 110a and 
thereby fom the blank 110b of Fig. 5. It 

25 should be noted that this movement of the 
die 116 initiates the formation of the inner 
bearing support section 58 and the tapering 
connector section 80 which are coaxjal with 
the grease seal section 96. Considerable 

30 strain hardening will have occurred by 
this time in the blank UOb. Thesrefore. 
the blank UOb is advantageously annealed 
before continuing with the cold forming 
operation. 

35 The annealed blank 110b is then moved 
into axial alignment with the die 118 which 
is telescoped axiaily with the blank 110b 
to form the blank 110c shown in Fig. 6. 
The upper portion of the blank ilOc has 

40 a confieuralion corresponding to the con- 
figuration of the spindle 22. Thus, the 
die 118 forms the final configuration for 
the bearing positioning shoulder 76 and the 
coaxial bearing support sections 58 and 60. 

45 In addition, the die 118 forms the outer 
end portion 86 on which threads are sub- 
sequently rolled to enable the bearing nul 
84 to be threaded onto the spindle 22. 
Once the upper or outer portion of the 

50 blank 110c has been formed, the bottom 
or inner portion of the blank 110c is 
cold worked to form the base section 72 
which is coaxial with the other sections 
of the spindle 22. Thus, the blank II Oc is 

55 moved into axial alignment with the expand- 
ing die 120 which is pressed into the 
lower end portion of the blank 1 10c. Tliis 
expands the tubular wall of the blank UOc 
radially outwardly to form the blank llOd 

60 (Fig. 7). A mounting section 144 is then 
formed on the base 72 by compressing 
the base inwardly in a manner shown 
schematically in Fig- 8 with the die 122. 
The mounting section 144 is received m 

65 the cavity 102 of the steering knuckle 26 



(Fig. 2) and advantageously includes a 
shoulder 148 for positioning the spindle 
22 relaitive ito the steering knuckle. 

The cold working of the blank HO to 
form the spindle 22 is completed once the 70 
mounting section 144 has been formed 
on the base 72 by the die 122. However, 
threads must still be rolled, in a known 
manner, on the outer end portion 86 of 
the spindle. It should be understood that 75 
the base 72 could, if desired, be formed by 
reducing the diameter of a blank having a 
relatively large diameter rather than by 
expanding the blank. However, by reducing 
the diameter of the blank 110 to form 80 
the bearing support sections 58 and 60 and 
expanding the blank 110 to form the base 
section 72, the extent of movement of the 
metal of the blank in a radially inward 
direction and in a radially outward direc- 
tion tends to be minimized. 

By varying the shape of the openings 
138 in the dies 114 through 118, the shape 
of the spindle 22 can be varied. Thus, the 
opening 138 could be shaped in such a 90 
manner as to provide the cylindrical bear- 
ing support sections 58 and 60 with either 
an inwardly projecting slot or an out- 
wardly projecting protruberance to assist in 
retaining the inner races 68 and 70 of the 95 
bearing assemblies 40 and 42 against move- 
ment relative to the spindle 22. Of course, 
the specific illustrated configuration of the 
spindle 22 could be varied to suit the par- 
ticular requirements of a vehicle with which 100 
the spindle 22 is to be assodated. In 
addition, the relative axial movement be- 
tween the blank and the dies in the cold 
working process could, if desired, be per- 
formed by moving the blank 110 rather 105 
than the dies 114-122. 

It should be understood that the sequence 
of cold working steps shown in Figs. 4 
through 8 are merely representative of the 
steps which are performed during the cold 110 
woricing operation. The specific nimiber of 
dies and steps required to form the spindle 
22 from a hollow blank 1 10 will vary depend- 
ing upon the metal from which the blank 
is made and the physical size and con- 115 
figuration of the spindle 22. For example, 
a blank 110 formed of SAE 1010 steel 
tubing would have to be shaped by a 
relatively large number of dies having metal 
forming surfaces which differed by a lesser 120 
extent relative to each other than do the 
surfaces 138 of the dies 114-122. 

During the cold forming operation illus- 
trated schematically in Figs. 4 through 8. 
the metal of the tubular wall 128 of the 125 
blank 110 (Fig. 3) is plastically deformed 
dthar radially inwardly or outwardly at 
a temperature below the recrystallization 
temperature of the metal to form the 
various sections of the spindle 22. While 130 
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a small portion of this metal Is displaced 
axially and results in an axial growth of 
of blank 110, most of the metal of the 
tubulaj: wall 128 is moved in a radial 

5 direction. Therefore, *he metal area mea- 
sured on a raddal plane extending through 
•the wall 128 of ithe 'bknk 110 (Fig. 3) is 
subsitantially equal to 'the metal area mea- 
sured ■on a -radial pfeac a-ha-oug«.i the various 

lO sedtions of -eha spkdie 22. 

Since the wail of the spindle 22 has an 
anaulsr cross sectional configuralion with 
a constant metal area at the various sec- 
tions of the spindle, the radial thickness 

15 of the annular wall of the spindle decreases 
as the external diameter of the wall in- 
creases. This is perhaps best seen by a 
comparison of the cross sectional con- 
figurations of the inner and outer bearing 

20 support sections 58 and 60. The outer bear- 
ing suppoit section 60 has a relatively small 
diameter and a relatively large wall thick- 
ness, designated 152 in Fig. 9. The inner 
' bearing support section. 58 has a larger ex- 

25 temal diameter than does the outer bear- 
ing support section 60 and has a smaller 
wall itliidaiess, 'indioated lalt 154 in Fig. 10. 
The thickness 152 of the outer bearing 
support section 60 is sufficiently greater than 

30 the thickness 154 of the inner bearing 
support section 58 so that the metal area 
between a cylindrical imier surface 158 and 
outer surface 66 of the outer bearing .sup- 
port section 60 is approximately equal to 

35 the metal area between a cylindrical inner 
surface 156 and the cylindrical outer sur- 
face 64 of the inner bearing support section 
58. 

Similarly, the outer end portion 86 of the 
40 spindle 22 has a relatively small diameter 
and a relatively large metal thickness 
between its cylindrical inner and outer 
surfaces 162 and 164 (see Figs. 7 and 8). 
Since the grease seal section 96 has a 

45 larger diameter than does the inner bearing 
support section 58 (see Figs. 10 and 11), 
the radial thickness 168 of the grease seal 
section 96 is less than the radi^ thickness 
154 of the inner bearing support section 

SO 58. However, the metal area between the 
cylindrical outer su^ace 170 and inner sur- 
face 172 of the grease seal section 96 is 
approximately equal to the metal surface 
areas on radial planes through the inner 

55 and outer bearing support sections 58 and 
60. As was previously mentioned, the rela- 
tively thick wall section of the inner bear- 
ing support section 58 compared to the 
grease seal section 96 tends to strengthen 

^0 the spindle 22 at the junction between these 
two sections where a relatively large stress 
is applied to the spindle 22 by the inner 
or main bearing assembly 40. 
Although the axle spindle 22 has been 

is illustrated in Hg. 2 as being formed 



separately from the axle 24 (Fig. 1) of 
the vehicle 20, it is contemplated that in 
certain types of vehicles the spindle and 
axie could advantageously be integral thus 
eliminating the necessity of connecting 70 
separate spindles to an axle during assembly 
of the evhicle. This construction is illus- 
trated in Fig. 12 wherein a pair of identical 
spindles (one only shown) are integrally 
joined to respective ends of a common axle 75 
tube 194 by an annular wdd 254. Alithough 
this specific combination axle and spindle 
constructed can advantageously be used with 
many different types of vehicles, it is con- 
templated that this consiruction will be 80 
pariicaiarly advantageous in association with 
house trailers and similar types of wheeled 
vehicles. Of course, the length of the axle 
194 will depend upon the distance to be 
provided between the wheels of the asso- 85 
ciated vehicle. 

The spindle 192 is illustrated in asso- 
ciation with a brake support plate 198 of 
a house trailer. The spindle 192 includes 
an inner bearing section 200 on which an 

90 

inner or main bearing assembly 202 is 
mounted. An outer bearing section 204 is 
co-ax,ial with the inner bearing section 200 
and supports an outer bearing assembly 
206. A hub 208 of a wheel is fotatably 95 
supported on the spindle 192 by the bear- 
ing assemblies 202 and 206. Of course, an- 
other wheel (not shown) is supported in the 
same manner on the opposite spindle. 

The inner bearing assembly 202 is 100 
positioned axially relative to the spindle 
192 by a Tadially projecting shoulder sec- 
tion 212. A bearing nut 214 is mounted in 
threaded engagement with an outer end 
portion 216 of the spindle 192 and presses 105 
a washer 218 against the outer bearing 
a^embly 206 l!o reita'La (he wbeol 'hub 208 on 
the spindle 192. A grease seal section 222 
on the spindle 192 is engaged by a seal 
224 mounted on the hub 208. The spindle 110 
192 includes a base section 250 which is 
reduced at an axially outer end portion to 
form a mounting section 252 and connected 
to the grease seal section 222 by a radially 
inwardly and axially outwardly tapering 115 
shoulder section 228. The mounting section 
252 is telescopically disposed within the 
axle tube 194 and joined thereto by the 
annular weld 254. The brake support place 
198 is joined to the spindle 192 just in- 120- 
wardly of the shoulder section 228 by an 
annular weld 232. 

The cold working process by which each 
of the spindles 192 is formed is substantially 
the same as the cold working process illus- 125 
trated schematically in Figures 3 through 
6 in association with the blank 110. Thus, a 
cylindrical blank having a uniform annular 
cross sectional configuration is positioned on 
an upstanding stake having an external 130 
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configuration subsiantially similar to the 
internal configuration of the spindle 192. 
One end portiou of the blarJc is aligned 
with a central passage or opening in a 
5 die. similar to the die 114 of Figure 4, 
which is moved axially along the blank to 
plastically deform the wall of the blank 
radially inwardly at a temperature below 
the recrystallization temperature of the metal 
10 of the blank. The outer end portion of 
the blank will then be further cold worked 
to form the bearing support sections 200 
and 204 and the outer end portion 216. 
It should be noted that the wall thickness 
15 of the spindle 192 increases as the dia- 
meter of the wall decreases in much the 
same manner as previously explained in 
connection with the blank 110. 
Once the two spindles 192 have been 
20 integ.'ally joined with the axle 194, the 
axle and spindles can be readily moinited 
on a vehicle in any suitable manner, such 
as by welding known mounting blocks or 
pads onto the axle. 
25 If desired, an opening could bo formed in 
the tubular wall of the axle 194 to enable 
suitable wires or leads to be run throueh 
the axle to the hollow spindles 192 lo 
effect activation of an electric brake 
30 assembly for retarding rotatioji of a wheel 
of ths trailer. Of course, these leads could 
be associated with equipment other than 
an electric brake assembly. 
From the foregoing description it can be 
35 seen that a hollow axle spindle can be 
economically formed by plastically deform- 
ing a tubular metal blank at a temperature 
below the reci^j-sfallization temperature of 
the metal of the blank. During this cold 
40 working process beariiig stipport sections 
are formed with sufficient dimensional 
accuracy and surface finish to enable the 
sptndle to be used without machining the 
bearing support sections. Since the result- 
's ing axle spindle is hollow, its relatively 
light weight tends to minimize the up- 
sprung weight of a vehicle with which it 
is associated. In addition, the axially ex- 
tending cavities within the hollow spindles 
50 facilitate the installation of vehicle equip- 
ment requiring the extension through the 
spindle of a cable or other conductor. If 
desired, the hollow spindle can be integrally 
formed with the axle of a vehicle. 

55 

WHAT WE CLAIM IS:— 

I. A method of forming a hollow axle 
spindle for use in supporting a vehicle 
wheel which, in use, is rotatably^mounted on 
60 the spindle by a plurality' nf bearing 
assemblies located in axially spui-ed apart 
relationship between an outer end portion 
of the spindle and an inner end portion 
of the spindle connected with the vehicJe. 
65 said method comprising the steps of: 



pro\ading a metal blank of approximately 
the same length as the axle spindle and 
having an axially extending tubular wall hav- 
ing open ends and a substantiaHy uniform 
external diameiter with an annular cross- 70 
sectional conliguralion in a radially extend- 
ing plane; providing a support stake having 
substantially the same external configura- 
tion as the internal configuration of the 
hollow axle spindle and having a first por- lb 
tion. a second portion and an intermediate 
portion between the first and second portions, 
the intermediate portion being of smaller 
cross-.sectional area than said first portion, 
and the second portion being of smaller 80 
cross-sectional area than said intermediate 
portion, positioning the blank on the stake 
with one end portion of the blank adjacent 
to the first potti'on of the strike; providing 
a plurality of dies; cold forging at least a 85 
portion of the metal blank adjacent to 
the first and intermediate portions of the 
stake at a temperature below the recrystal- 
lizaticn temperature of the metal of the 
blank by effecting relative axial movement '0 
between at least one of the dies and the 
blank and stake to form adjacent to the 
first portion of the stake a mounting end 
portion of the spindle for connection with 
a vehicle and form adjacent to the inter- 95 
mediate portion of the stake a first cylin- 
drical bearing support section having sub- 
stantially cylindrical inner and outer surfaces 
which extend substantially parallel to each 
ether in a co-axial relationship with the 100 
longitudinal axis of the blank and are uni- 
formly spaced from each other by a first 
distance; cold forging at least a portion 
of the metal blank with at least a second 
one of the plurality of dies at a location 105 
which is axially outwardly of the first 
bearing support section and at a tempera- 
ture which is below the reciystallization 
temperature of the metal of the blank to 
form adjacent to the second portion of the 110 
stake a second cylindrical bearing support 
section having a smaller external diameter 
than the first cylindrical bearing support 
section and having substantially cylindrical 
inner and outer surfaces which extend sub- 115 
stantially parallel to each other in a co- 
axial j-elationship with the first bearing 
support section and are uniformly spaced 
from each other by a second distance which 
is greater than the first distance between 120 
the inner and outer surfaces of the first 
cylindrical bearing support section thereby 
to form the second cylindrical bearing 
support section with a greater metal thick- 
ness in a radial direction than the first 125 
bearing support section, and removing the 
cold forged blank from the stake after per- 
forming the foregoing steps. 

2. A method of forming a hollow axle 
spindle as claimed in claim 1, further in- 130 



7 



1 338 721 



7 



eluding the step of cold forging said one 
end portion of the blank at a tempeiature 
below the recrystallization temperature of 
the metal of the blank, said step of cold 
5 forging said one end portion of the blank 
including the step of expanding said one 
end portion of the blank radially outwardly 
to further foim the mounting end portion 
of the spindle. 

10 3. A method as set forth in claim 1 or 
2, further including the step of cold forging 
said one end portion of the blank at a 
temperature below the recrystallization 
temperature of the blank, said step of cold 
forging said one end portion of the blank 
inohjding iche step of contraciting said one 
end pomion of iUie blank radially inwardly 
'to form a posaittioning sh'oulder on the mount- 
ing end portion of said spindle. 

20 4. A method of forming a hollow axle 
spindle as set forth in Claim 1. 2, or 3 
further comprising the steps of plasticallv 
deforming a portion of the metal blank 
with at least a third one of the plurality 

25 of dies at a temperature which is below 
the recrystallization temperature of the 
metal of the Wank to form a bearing 
positioning shoulder adjacent the end por- 
tion of the first bearing support section 

30 remote from the second bearing support 
section with a base section extending from 
the bearing positioning shoulder towards 
said one end of the blank and having inner 
and outer surfaces in a coaxial nelation- 

35 ship with the first bearing support section 
and uniformly spaced from each other bv 
a third distance which is less than the 
first and second distances of the first and 



second bearing support sections to thereby 
form the base section witli a metal thick- 40 
ness which is less than the metal thickness 
of the first and second bearing support 

sections. 

5. A method of making a hollow axle 
spindle substantially as herein described 45 
with reference to the accompanying draw- 
ings. 

6. A hollow axle spindle for use in 
supporting a vehicle wheel which, in use, 

is rotatably mounted on the spindle by a 50 
plurality of bearing assemblies located in 
axially spaced apart relationship between 
an outer end portion of tlie spindle and 
an inner end portion of the spindle con- 
nected with the vehicle, when made by a 55 
method as claimed in any of the preceding 
claims. 

7. A hollow axle spindle as claimed 
in claim 6 when appended to claims 4 and 

3, the mounting end portion of which 60 
spindle is diposed in an opening in a 
support member connected to a vehicle, the 
positioning shoulder on the mounting end 
portion being disposed adjacent to a surface 
of said support member which extends trans- 65 
versely to the longitudinal axis of said 
spindle to position said spindle relative to 
said support member, and fastening means 
interconnecting saW positioniing shoulder on 
the mounting end portion and said support 70 
member. 

A. A. THORNTON & CO. 
Chartered Patent Agents, 
Northumberland House. 
303-306 High Holborn, 
London, W.Cl. 



SSi'^ ."S l^jesty's stationery Office by Hie Tweeddale Press Ltd.. Berwick-upon-Tweed. 1973 
PaWished at the Patent Office. 25 Southampton Buildings, London. lAY fnmlliA 

may be obtained 



1338721 
4 SHEETS 




POOR QUALITY 



com:^!.ete specification 

This drawing is a reproduction of 
the Original on <j reduced scale 
Sheet 1 



338721 CCMVl ETE SPECIFICATION 

r ;.r-L-5TS ^'"^ drawing is a reproduction of 
(fte Original on a reduced •'■al" 

Sheet 2 




V—- ' yr " — . ■ 



"X 





POOR QUALITY 



1338721 CGMPinfc- SPECIFICATION 

4 ii-j?ST? ''"'s drowiiig is a reproduction of 
jfic t»rij;.-.5o) on a reduced sca/c- 

Sheet 3 




00 
Li_ 





... ,5^- 



A/ 



POOR QUAUTY 



'53o72i COi^' :.TrE SPECIFICATION 

This drov.'rng Is a reproduction of 
- ite Of.t-ina! on o :r-i(luo2(j My.'h. 

' Sheei 4 





POOR QUALITY 



